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(57) [Abstract] (amended) 
25 [Object] 

The invention aims to open contact holes in insulating films formed by different 
methods and having different film thickness at the same time once. 
[Constitution] 

A method of manufacturing a thin film transistor of the invention is to form a silicon 
30 dioxide layer to become an interlayer insulating film at two steps by a chemical vapor deposition 


BEST AVAILABLE 

i/in 


JP06-104281 


method or a sputtering method. The invention is characterized in that a silicon dioxide layer 
103 formed at the first time is annealed at a high temperature so as to make an etching rate of the 
film as the same as that of a silicon dioxide layer 107 to become a gate insulating film formed by 
thermal oxidation in order to open contact hole 110a to be opened over the source and the drain 
5 regions 101 and a contact hole 110b to be opened over a gate electrode 104 at the same time 
once and make them to have the same shapes and sizes. 

[Scope of Claims] 
[Claim 1] 

10 A thin film transistor and a manufacturing method thereof, in an active matrix element 

using the thin film transistor formed over a glass substrate, characterized by comprising the steps 
of: 

a) forming a gate electrode, a gate line, and a capacitor line with polycrystalline silicon; 

b) forming a second silicon dioxide layer over the polycrystalline silicon layer by a 
15 chemical vapor deposition method or a sputtering method; 

c) annealing after forming the second silicon dioxide layer; 

d) patterning the annealed second silicon dioxide layer to expose a part of the gate line 
and the capacitor line; 

e) forming a metal layer next; 

20 f) pattering in order that the metal layer remains in a part corresponding to the gate line 

and the capacitor line formed with the polycrystalline silicon layer; 

g) forming a third silicon dioxide layer by a chemical vapor deposition method or a 
sputtering method next; and 

h) conducting, at the same time, a step of opening a contact hole in order to form a 
25 leading out wiring from source and drain regions of the thin film transistor once in three layers of 

a first silicon dioxide layer to be a gate insulating film formed by a thermal oxidation method or 
the like, the second silicon dioxide layer which is thermally treated, and the third silicon dioxide 
layer, and a step of opening a contact hole in order to form a leading out wiring from a gate 
region once in two layers of the second silicon dioxide layer which is thermally treated, and the 
30 third silicon dioxide layer. 
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[Detailed Description of the Invention] 

[0001] 
[Industrial Field] 

The present invention relates to a thin film transistor to drive a liquid crystal display 
5 device and the like, and a manufacturing method thereof. 
[0002] 
[Prior Art] 

In the conventional thin film transistors and a manufacturing method thereof, a gate line, 
a capacitor line and a gate electrode of a transistor have been formed with polycrystalline silicon 

10 at the same time, thereafter a second silicon dioxide layer to be an interlayer insulating film is 
formed. Subsequently, in order to improve a film quality of the second silicon dioxide layer, 
annealing at a temperature of about 1000°C After that in order to form a leading out wiring 
from source and drain regions, a contact hole is opened all at once in two layers of the annealed 
second silicon dioxide layer and a first silicon dioxide layer to be a gate insulating film formed 

15 by thermal oxidation, in addition, in order to form a leading out wiring from a gate region, a 
contact hole is opened in the annealed second silicon dioxide layer, at the same time. 
[0003] 

[Problems to be Solved by the Invention] 

However, in the aforementioned conventional art, the gate line and the capacitor line are 
20 formed only with a polycrystalline silicon layer, therefore, the wiring resistance of the gate line 
and the capacitor line are relatively high, and the display characteristics of an active matrix 
element using a thin film transistor are not improved. 

[0004] 

In order to reduce resistance of the polycrystalline silicon layer as much as possible, 
25 phosphorus is usually introduced by thermal diffusion. However, in a case where a thickness of 
the polycrystalline silicon layer is 5000 angstrom, the seat resistance of the film is limited to 15 
Qf □. In order to realize to enlarge a liquid crystal display panel and to progress high 
definition of a liquid crystal display panel from now on to, it is required to reduce the wiring 
resistance of the gate line and the capacitor line. Therefore, there is a method in which metal is 
30 formed over the gate line and the capacitor line formed of the polycrystalline silicon layer, and 


3/i n 


1 


JP06-104281 

the wiring resistance of the gate line and the capacitor line is reduced. In the aforementioned 
method, in order that a second silicon dioxide layer to be an interlayer insulating film is formed 
over the metal layer and annealing at a temperature of about 1000°C is performed to improve the 
film quality of the second silicon dioxide layer. Then, there are problems that the wiring 
5 resistance of the gate line and the capacitor line formed of the polycrystalline silicon layer and 
the metal layer is higher than the wiring resistance before reacting the polycrystalline silicon 
layer arid the metal layer, since the polycrystalline silicon layer and the metal layer react to form 
metal silicide, and the metal layer is melted. 
[0005] 

10 Consequently, in order to solve the aforementioned problems, a method is considered 

for annealing the gate line and the capacitor line formed of the polycrystalline silicon layer and 
the metal layer at a lower temperature of 400°C to 700°C than a conventional temperature at 
which a metal silicide is not formed or a metal layer does not melt. However, in the 
aforementioned method, a second contact hole in order to take out a wire from a gate electrode 

15 only in the second silicon dioxide layer which has an etching rate was three to five times faster 
than that of the first silicon dioxide layer, has a size of about 1.5 to 2 times larger than a first 
contact hole which is opened in the first silicon dioxide layer with a thickness of about 1000 
angstrom formed by a thermal oxidation method and the second silicon dioxide layer with a 
thickness of about 7000 angstrom at the same time in order to take out a wire from source and 

20 drain regions. Therefore, contact holes could not be opened with a uniform size in a substrate, 
so that miniaturization was difficult. In addition, there was a problem that the shape of the 
second contact hole was a reverse taper because of the bad adhesion between the polycrystalline 
silicon layer forming the gate electrode and the second silicon dioxide layer. 
[0006] 

25 In order to solve the aforementioned problems, the invention aims to reduce the wiring 

resistance of the gate line and the capacitor line, and to form the first contact hole and the second 
contact hole to have a uniform shape and size in the substrate. 
[0007] 

[Means for Solving the Problem] 
30 A manufacturing method of the thin film transistor of the invention is a thin film 
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transistor and a manufacturing method thereof, in an active matrix element using the thin film 
transistor formed over a glass substrate, characterized by comprising the steps of: 

a) forming a gate electrode, a gate line, and a capacitor line with polycrystalline silicon; 

b) forming a second silicon dioxide layer over the polycrystalline silicon layer by a 
5 chemical vapor deposition method or a sputtering method; 

c) annealing after forming the second silicon dioxide layer; 

d) patterning the annealed second silicon dioxide layer and to expose a part of the gate 
line and the capacitor line; 

e) forming a metal layer next; 

10 f) pattering in order that the metal layer remains in a part corresponding to the gate line 

and the capacitor line formed with the polycrystalline silicon layer; 

g) forming a third silicon dioxide layer by a chemical vapor deposition method or a 
sputtering method next; and 

h) conducting, at the same time, a step of opening a contact hole in order to form a 
15 leading out wiring from source and drain regions of the thin film transistor once in three layers of 

a first silicon dioxide layer to be a gate insulating film formed by a thermal oxidation method or 
the like, the second silicon dioxide layer which is thermally treated, and the third silicon dioxide 
layer, and a step of opening a contact hole in order to form a leading out wiring from a gate 
region once in two layers of the second silicon dioxide layer which is thermally treated and the 
20 third silicon dioxide layer. 
[0008] 
[Embodiment] 

Hereinafter, a description of the invention is made in detail based on Embodiment. 
[0009] 

25 FIGS, 1 to 5 are diagrams showing Embodiment of the invention in step order. In FIG 

1, reference numeral 101 denotes a source or drain region and 102 denotes a channel portion, 
103 denotes a first silicon dioxide layer to be a gate insulating film formed by a thermal 
oxidation method or the like, and 104 denotes a gate electrode formed of polycrystalline silicon. 
Reference numeral 105a denotes a gate line formed of polycrystalline silicon and 106a denotes a 

30 capacitor line formed of polycrystalline silicon. 107 denotes a second silicon dioxide layer with a 
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thickness of 1000 to 3000 angstrom formed by a chemical vapor deposition method or a 
sputtering method. Subsequently, as shown in FIG. 2, in order that an electrical connection is 
made between a metal layer for reducing the wiring resistance of the gate line 105a and of the 
capacitor line 106a and a polycrystalline silicon layer constituting the gate line 105a and the 
5 capacitor line 106a, an opening 108 is opened below a place in which the gate line and the 
capacitor line are located in the second silicon dioxide layer 107. However, in a case of 
forming a line intersecting over the gate line 105 and the capacitor line 106, the opening 108 
does not need to be opened in the intersection, since it causes disconnection of the intersecting 
line. 

10 [0010] 

Subsequently, metal is formed over an entire surface of a substrate, the metal layer is 
patterned by using the same exposure mask as that used when the opening 108 is opened as 
shown in FIG 3. Reference numeral 105b denotes a gate line formed of metal, and 106b 
denotes a capacitor line formed of metal, each of which is electrically connected at the junction 

15 portion of the polycrystalline silicon layer which is located below them, therefore, two layers of 
105a and 105b form a gate line, while two layers of 106a and 106b form a capacitor line. 
Accordingly, the line resistance of the gate line 105 and the capacitor line 106 is more decreased 
than those formed of only conventional polycrystalline silicon. However, in a place where the 
gate line 105 is over the channel 102 of a thin film transistor to be a gate electrode, dangling 

20 bonds of polycrystalline silicon in the channel 102 is eliminated, and hydrogenation which can 
improve on-current characteristics of the thin film transistor is impossible. Therefore, a metal 
layer to be the gate line 105b does not need to be formed. Subsequently, as shown in FIG 4, a 
third silicon dioxide layer 109 is deposited with a thickness of 4000 to 7000 angstrom by a 
chemical vapor deposition method or a sputtering method, for improving film quality of the third 

25 silicon dioxide layer, annealing is performed at a temperature of 400 to 700°C at which the metal 
and polycrystalline silicon of the gate line 105 and the capacitor line 106 are not formed silicide 
or at which the metal is not melted* The annealing temperature varies depending on the kinds 
of metal used for the gate line 105 and the capacitor line 106. As long as silicide is not 
generated, or as long as the metal is not melted, as a high temperature as possible is preferable, 

30 since the film quality of the third silicon dioxide layer is improved. 
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[0011] 

Subsequently, as shown in FIG 5, a contact hole 110a to open three layers of the first 
silicon dioxide layer 103, the second silicon dioxide layer 107 and the third silicon dioxide layer 
109 all at once in order to obtain a leading out wiring from the source and the drain regions 101, 
5 and a contact hole 110b to open two layers of the second silicon dioxide layer 107 and the third 
silicon dioxide layer 109 all at once in order to obtain a leading out wiring from the gate 
electrode 104 are opened by wet etching using hydrofluoric acid etching or by dry etching using 
a reactive ion etching system (RIE) at the same time. 

[0012] 

10 In the thin film transistor of the invention completed through the aforementioned steps, 

the etching rates of the first silicon dioxide layer 103 and the second silicon dioxide layer 107 are 
approximately equal, and both the contact holes 110a and 110b are opened all at once in both a 
layer with slow etching rate and a layer with fast etching rate. The layers with slow etching rate 
are the first silicon dioxide layer 103 and the second silicon dioxide layer 107 while the layer 

15 with fast etching rate is the third silicon dioxide layer 109. That is, the contact hole 110a is 
formed of the layer with slow etching rate with a thickness of 2000 to 4000 angstrom and the 
layer with fast etching rate with a thickness of 4000 to 7000 angstrom. The contact hole 110b 
is formed of the layer with slow etching rate with a thickness of 1000 to 3000 angstrom and the 
layer with fast etching rate with a thickness of 4000 to 7000 angstrom. Accordingly, since there 

20 are no great difference between film qualities of the layers to be opened, both the shape and the 
size of the contact holes 110a and 110b can be formed almost the same and can be miniaturized. 
In addition, the contact hole 110a is superior in degree of adhesion between two layers at the 
interface of the source and the drain regions 101 and the first silicon dioxide layer 103 formed by 
a thermal oxidation method or the like. Therefore, a reverse taper shape which may cause 

25 disconnection of the leading out wiring is not made. The interface of the gate electrode 104 and 
the second silicon dioxide layer 107 goes through an annealing step with a high temperature of 
900 to 1000°C, therefore, in the contact hole 110b also, the adhesion between two layers is good 
and a reverse taper shape is not made. Further, in this step, although the number of steps of 
photolithography is increased compared to the conventional done, the number of exposure masks 

30 is not changed, therefore, additional cost for forming a new mask is not required. 


JP06-104281 

[0013] 
[Effect of the Invention] 

According to the invention described above, the resistance of the gate line and the 
capacitor line can be decreased, and the size and the shape of contact holes can be almost the 
5 same even in the case where the contact hole is opened over the source and the drain regions and 
in the case where the contact hole is opened over the gate electrode. Therefore, the 
miniaturization of the thin film transistor can be achieved. Accordingly, a thin film transistor 
with a larger size and high definition, which can improve the display characteristics of an active 
matrix, can be provided. 


[Brief Description of the Drawings] 

[FIGS. 1, 2, 3, 4, and 5] Cross sectional diagrams showing each manufacturing step of a 
15 thin film transistor of the invention. 

[Description of the Numerals] 
101 : source or drain region 
102: channel 
20 103: first silicon dioxide layer 
104: gate electrode 
105: gate line 

105a: gate line formed of a polycrystalline silicon layer 

105b: gate line formed of a metal layer 
25 106: capacitor line 

106a: capacitor line formed of a polycrystalline silicon layer 

106b: capacitor line formed of a metal layer 

107: second silicon dioxide layer 

108: opening of a second silicon dioxide layer 
30 109: third silicon dioxide layer 
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110a: contact hole opened over a source or drain region 
110b: contact hole opened over a gate electrode 

[Amendment of Proceeding] 
5 [Filing Date] December 2, 1993 
[Amendment 1] 

[Document Name of Object for Amendment] Specification 
[Item Name of Object for Amendment] Brief Description of the Drawings 
[Amendment Method] change 
10 [Contents of Amendment] 

[Brief Description of the Drawings] 

[FIG 1] Across sectional diagram each manufacturing step of a thin film transistor of the 
invention, 

[FIG 2] A cross sectional diagram each manufacturing step of a thin film transistor of the 
15 invention. 

[FIG 3] A cross sectional diagram each manufacturing step of a thin film transistor of the 
invention. 

[FIG 4] A cross sectional diagram each manufacturing step of a thin film transistor of the 
invention. 

20 [FIG 5] A cross sectional diagram each manufacturing step of a thin film transistor of the 

invention. 

[Description of the Numerals] 
101: source or drain region 
25 102: channel 

103: first silicon dioxide layer 
104: gate electrode 
105: gate line 

105a: gate line formed of a polycrystalline silicon layer 
30 105b: gate line formed of a metal layer 
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106: capacitor line 

106a: capacitor line formed of a polycrystalline silicon layer 

106b: capacitor line formed of a metal layer 

107: second silicon dioxide layer 

108: opening of a second silicon dioxide layer 

109: third silicon dioxide layer 

110a: contact hole opened over a source or drain region 

110b: contact hole opened over a gate electrode 
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ABSTRACT 

PURPOSE: To open contact holes on the insulating films having different 
formation methods and film thickness at the same and one time. 

CONSTITUTION: Silicon dioxide layers to become layer insulating films are 
formed two times by a chemical vapor growth method or a sputtering method. 
The silicon dioxide layer 103 formed at the first time is anneled at a high 
temperature so as to make an etching speed of the film with that of a 
silicon dioxide layer 107 formed by thermal oxidation foe becoming a gate 
insulating film in order to open the contact holes 110a to be opened in the 
source and drain regions 101 and a hole 110b to be opened on a gate 
electrode 104 at the same and one time while making the shape and the size 
equal. 
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